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Figure T-1, The Notional NCTO? Receiver 


SECTION 1 DESCRIPTION 


1.1 GENERAL 


Present day operating requirements of amateur radio 
operators and short-wave listeners are completely ful- 
filled by your new National NC109, All of the most de- 
sirable features for communications applications are in- 
corporated in this fine receiver. Accurate bandspread 
tuning, single sideband reception, crystal filter with 
six degrees of selectivity, 5-meter, and accommodations 
for a erpstal calibrator, narrow band FM adaptor and 
other accessories are provided. 

The frequency range of your NC1O9, 0.54 to 40.0 me, 
corer the amateur, commercial, foreign broadcasts, 
marine, standard broadcast, and civil defense bands. 
This frequency range is divided into four tuning bands 
which are selected by the BAND switch, Frequency 
ranges of these four bands are as follows: 


BAND FREQUENCY RANGE 
A O34 met 16 mc 
B L6 mec to 4.7 mc 
c 4.6 mec te 13.0 mec 
BG 14.0 me te 40.0 me 


Bandspread tuning is provided to take full advantage. 
of your receiver's high degree of selectivity. The band: 
spread dial has calibrated scales for cach major amateur 
band and a logging scale for the various short-wave 
bands. Adjustable selectivity characteristics of the crys- 
tal filter make it possible to reject interfering signals 
en coowded bands and reduce objectionable hetero- 
dynes caused by undesired signals. 

Indications of relative signal strength and tuning 
accuracy are obtained from the S-meter, Meter cali- 
bration is in “S" units from 0 to 9 and in decibels from 
0 te 40 db above 59. 


12 CIRCUIT DESCRIPTION 

Eleven vacuum tubes, including. a rectifier and a 
voltage regulator, are used. These tubes, their functions 
and schematic diagram reference symbols are listed in 
Table I. 


TABLE [ 


| REF, SYM. | TUBE ‘TYPE 
Vi 


RF Amplifier 


SBAG 

Wa SBES Mixer 
6BAG 1st IF Amplifter 
GBAG 2nd IF Amplifier 
Vy GALS Detector and AGC 
VW GALS Naise Limiter 


A superheterodyne cirewit is uitd in which signals 
from the RF amplifier and [ocal oscillator are hetera- 
dyaed in the mixer producing a 455 ke IF signal. This 
mixer product is then amplified by two stages of IF 
amplification and demodulated im the detector, The 
resulting intelligence is amplified by two audio ampli- 
fier stages to a sufficiently high level to drive a Joud- 
ipeaker ot headphaces. 


The cryvial filter provides six degrees of selectivity 


Wa 


[rune Tyee | FUNCTION 


éBE6 CW Oscillator 
558 Demodulator 


ae | HF Oscillator 
SYRGT Rectifier 

obs Voltage Regulator 
4 U2AT? [S-meter Amplifier 
Wy WAT? | Audio Amplifier 


bAQS Audio Qutput Amplifier 


af shown in the TF selectivity chart, figure 3-3. Band- 
width of the crystal filter varies from 3.8 ke to 30 
cycles at 6 db points over the six positions of the 
SELECTIVITY switch, 

A product detector is used for single sideband and 
CW ceception. An extremely table CW oscillator 
ig used for carrier injection, Sufficient oscillator sta- 
bility for single sideband reception is ensured by power 
jupply regulation and careful ciscuit design. 


CAUTION 


YOUR Ncio? IS DESIGNED TO OPERATE FROM A 103 TO 
130 VOLT 46 TO 49 CYCLE AC SOURCE ONLY. CONNEC: 
TION TO A DC POWER SOURCE WILL RESULT IN SERIOUS 
DAMAGE. 


SECTION 2 INSTALLATION 


speaker. A National NTS-1 matching speaker is recom- 
mended for use with pour WCLOD. 


2.0 UNPACKING 
To prevent damaging your receiver whea unpack- 
ing, the procedure outlined below should be followed: 
a Remove top pad and cover insert. 
ob. Remewe rear insert. 
c. Slide recetver back in the carton. 
d. Remove front insert, 
e. Your geceiver will now be free of packing 
material and may be taken from its carton, 


2.1 INITIAL SETUP 

Your NCL? has been carefully inspected and tested 
before shipment and is ready to put into operation. 
Location af pour Mie should be such that the rear 
of the receiver is al least two inches from any obstmac- 
tion to allow adequate ventilation, 
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Terminal strips, for connection of a lowd-speaker Tere 


and antenna, ane provided as illustrated tm figure Zl, 
Reecivec output is designed te match a 3.2 ohm loud: 
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Figure 2-1, Reor View of NCID? Receiver 


wedi 


A single wire antenna, simulat to that illustrated an 
figuce 2-2, may be weed quite successfully for general 
fommuteations fecepton. In cases where an antenna 
ag desired for better operation in a limited Frequency 


Figure 2-2, Typicol Single-Wire Anfenno Hookup 


range, 2 doublet antenna, similar to that iMusteared in 
figure 2-5, if tecommended, The lightning arrestars 
and water pipe ground connections shown om the an- 


tern sllustrations atc optional. 
Hit 
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Figure 2-3. Typical Doublet Antenna Hookup 
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SECTION 3 OPERATION 


3.0 CONTROLS 


All controls and mndicators necessary to operate pour 
NCO are located on the front panel, The diagram 
on the following page, (figure 3-1}, shows the loca- 
trom of these conteols, switches, and indicators and 


pives a functional destription of each part. 


4,1 OPERATING PROXCEDURES 


Lnitcal como! and switch acttings are shown im Table 
I. 


TABLE I 


AM SETTING 


SELECTIVITY 
PHASING 
SENSITIVITY 
ANTENNA 
BAND 


OFF 

(par. 4,5) 
Maximum 
Mid position 
Optional 
AM 
Inaperative 
REC 
Opranal 
Mid position 
Optronal 
SET 


MODE 

PITCH 
REC-STBY 
TONE 

VOLUME 

MAIN TUNING 
BANDSPREAD 


OFF 
(par. 3.35 
Mid position 
Mid position 
Optional 
SSA 
Mid position 
REC 
Optional 
Maximum 
Optional 
SET 


CW SETTING 


OFF 

(pan. 3.5) 
Mid position 
Mid position 
Optional 
cw 

Mid positron 
REC 

Lis 
Maximum 
Opuonal 
SET 
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Figure 3-l. Leeetion and Function of Controls 
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Figure 3-2. NC109 Diol Seales and Tuning Controls 


3.1.1 AM Operation 


The following adjustments will be necessary during 
operation: 

a. Select frequency range by positioning BAND 
fwitch. 

b. Set the GENERAL COVERAGE dial pointer in 
the band to be tuned at a spot where no signal is 
heard and adjust the ANTENNA control for mazxi- 
mum background noise. This setting is satisfactory 
while operating over a limited frequency range. 

c. Adjust the MAIN TUNING control to select 
a signal. 

d, Adjust VOLUME for a comfortable listening 
level. 

e. If excessive spurious noises are heard, (auto 
ignition, etc.), place the MODE switch in its ANL 
position. Automatic noise limiting reduces fidelity 
and therefore should be used only when necessary. 


3.1.2 CW Operation 
a. The SENSITIVITY control is used as a volume 
control for CW operation and should be adjusted 
accordingly. 
b. Adjust the PITCH control for a pleasing note. 
c. All other adjustments are the same os for AM 
Operation. 


4.1.3 Single Sideband Operation 


The recent upsurge in single sideband activity by 
amateur radio operators makes it necessary for a com- 
munications receiver to have a beat-frequency oscillator 
that is sufficiently stable to produce a constant carrier 
injection signal, and a system of demodulation capable 
of reproducing single sideband intelligence without 
strong harmonic distortion. Both of these requirements 
are fulfilled by your NMC1LO9. 


The procedure for tuning single sideband signals 
with your NWiC109 is relatively simple. First, set up your 
receiver for bandspread tuning an amateur band (as 
described in paragraph 3.2). Set the MODE switch at 
AM and the PITCH control to its center position. Ad- 
jast the BANDSPREAD control to locate a single side- 
band signal (identified by its “garbled” sound). Set 
the VOLUME control at maximum. Carefully tone for 
maximum S-meter deflection. Set the MODE switch 
to SSB and adjust the PITCH control slightly to either 
side of center until the “garble" clears and a readable 
signal is obtained, The SENSITIVITY control is used 
as a Yolume control for S$B reception. 


42 TUNING 


The GENERAL COVERAGE and BANDSPREAD 
scales (figure 3-2) are calibrated in megacycles and 
contain special markings to simplify tuning. The 
CONELRAD frequencies, .64 and 12.4 mec, “@e 
cated on band A by the civil defense symbol 


The major amateur radio bands are contained in bands 
B,C and D. Each amateur band is underlined in black 
on beth the GENERAL COVERAGE and BAND- 
SPREAD scales. On the GENERAL COVERAGE scale 
the acatewr bands are identified by a circlé located at 
the high cad af each band which contains the band's 
wavelength designator (80) designates the SO meter 
amateur band}. 


Calrbration of the GENERAL COVERAGE scale is 
fomect wheo the BANDSPREAD pointer i im its SET 
position, For correct calibration of the bandspread 
sales the GENERAL COVERAGE paanter must be set 
in the center of the designator circle for the band to 
be tuned. Figure 3-2 shows the correct pointer positions 
for bandsoreading the #0 meter amateur band. 


Shortwave bandsprtading. for other than amateut 
bands, is accomplished by setting the BANDSPREAD 
pointer at SET and the GENERAL COVERAGE 
poter at the bigh end of the short-wave band to be 
tuned. Adjust the bandspread control to select che de- 
tired station. Notation of the point on the LOM stale 
where the desired station was located will enable the 
operator te locate the same station in the future with- 
aut difficulty, 


5.4 MEASUREMENT OF SIGNAL STRENGTH 
The S-meter provides a metang of meaiuring the 
relative stren pth at inconin gs AM signals. Accurate 


measurements of relative sigoal atrength are taken with 
the SENSITIVITY control set in its extreme clockwise 
poution, These meavurements are read in & units from 
1 to 9 and in decibels above S89 from 0 we 40 db, The 
S-mecer cimcact 2 duabled under C'W and 558 aperatiog 
condathens 


A screwdriver conprol, lotuted at the rear of receiver, 
is provided for zetoing the Someter electrically. This 
adjustrrent m made an “B" band with the antenaa dis 
connected of shorted and the SENSITIVITY control 
ft at Metin. 

34 SHORT-WAVE LISTENING 

Bands B,C and © are the high frequency or short- 
wave bands, The frequency range of these bands covers 
short-wave foreign broadcasts, amateur, and commercial 
radio tranwmitting stations all over the world. There 
are literally millionaeof radio stalioné in operation 
today most of which transmit signals within the tuning 
range of poor NCOP. 

The principal short-wave broadcast stations operate 
on five major and two minor bands, One characteristic 
of shartewaves ap that rece ptron will be good on some 
heads at centai timer of dap and, at the same Hime, 
poor on other bards. Table TIMI lists the major short- 
wave broadcast bands, their frequencies and their 
normal signal strength characteristics at different times 
of day. 


TABLE II 


17 METER 19 METER 25 METER 41 METER 49 METER | 
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Figure 3-3. IF Selectivity Chorecterlatles 


3.8. CRYSTAL FILTER OPERATION 


A ceystal filter circuit, located in the first IF amplifier 
stage, is used to control the selectivity of your MCLOS. 
The SELECTIVITY and PHASING controls are used to 
operate this filter. Bandwidths of the filter range from 
3.8 ke in the OFF position to 50 cps in position 3 of 
the SELECTIVITY control as illustrated in figure 3-3. 
The PHASING control provides a means of suppressing 
interfeniog CW or MCW signals which may produce 
objectionable heteradynes, 

Under normal AM operating conditions, the SELEC- 
TIVITY control is usd in the OFF position. Ef inter- 
ference to the desired signal is present the SELEC- 
TIVITY control may be set to position 1 or 2, Selectivity 
sharper than this usually cause: too great a loss of 
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Figure 3-4, Crystal Filter Selectivity Choracter/aties 


fidelity to be useful for AM operation, When using 
the crystal filter for AM reception, the signal should be 
tuned to 2 peak on the Semeter. The PHASING control 
can then be uted to eliminate interfering heterodynes. 
If the receiver is properly tuned the PHASING control 
will have no effect on the signal. 


Any postion of the SELECTIVITY control may be 
used for CW reception depending on the degree of 
selectivity required. Position 3 will give the sharpest 
selectivity with the greatest freedom from interference 
and lowest backgrownd noise level but can only be used 
on very stable signals. The PHASING control intro 
duces a “notch” (see curve of figure 3-4) which may 
be moved through the bandwidth of the filter to elimi- 
nate interfering signals. 
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SECTION 4 MAINTENANCE 


4.1 GENERAL 


Information contained in this section will aid quali. 
fied service personnel in servicing and aligning your 
BEC LO. 

4.2 REPLACING PILOT LAMPS 

Two bayonettype pilot lamps are clipped to the dial 
structure. Before attempting to replace a pilot lamp, 
wnplug the ac power cord. Then remove the back 
cover by unstrewing the five holding screws. Reach in 
and slide clip to the side and withdraw it through the 
aperture in the dial structure. Replace defective lamp 
with a type GE 44 lamp and return lamp clip to its 
original posateon. 

4.5 TEST EQUIPMENT 
The following test equipment is required to align 
your NICO, 
a AM signal fenerator having: 
(1) 309 modulation at 400 eps. 
(2) Frequency range from 435 ke to 30 mec, 
b. Outpur meter. 
c. Accurate frequency standard (X0CU)-100) 


44° IF ALIGNMENT 


IF alignment must be made at the frequency of the 
crystal in 24." Connect a signal generator to the main 
tuning condenser mixer stator, Set the SENSITIVITY 
and VOLUME controls at maximum. Remove modu- 


TABLE IV 


‘SET GENERATOR a 


DUST FOR 
MAXIMUM 


be sie: FOR 
MAXIMUM NOISE 


lation from the input signal. Set the SELECTIVITY 
switch to $ and input level to 200 microvolts, Tune 
the generator around 455 ke until & sharp peak is ob- 
tained on the Semeter. The gemerator is pow tuned to 
the crystal frequency. Set the MODE switch to CW. 
With the dot on the PITCH control wertical, set the 
BFO to zero-beat by adjusting the slug in Lio. Set the 
MODE switch to AM and modulate the input signal. 
Set the SELECTIVITY switch to OFF and adjust 21, 
22 and 25 for maximum audio output keeping the out- 
put level around 100 milliwatts by adjusting the input 
level. With modulation off and the generator tuned to 
crystal frequency, set the MODE swith t CW. Set 
the PHASING and PITCH controls with their dots 
vertical. The BFO should nearly zero-beat with the 
generator frequency. Set the SELECTIVITY seitch to 
1 and detune the generator approximately 2 ke in either 
direction. Adjust the slug in 24 for maximum audio 
output, Check the PHASING control by adjusting it 
te a positron where the beat note is completely elimi- 
nated. Repeat this check with the generator detuned to 
the other side of zero-beat. (Complete elimination of 
the beat mote should be possible.) The two phasing 
positions should occur neat the center of the PHASING 
contral range. Tune the generator to the crystal fre- 
quency with modulation on. Set the MODE switch to 
AM, SELECTIVITY to OFF and adjust C20 in 24 for 
maximum audia output, The IF section is now properly 
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Figure 4-1. Diol Stringing Diagrams 


Figure A-T, NCIO9 with NTS-] Loud Speoker 


SECTION A ACCESSORIES 


AL NTS-1 LOUDSPEAKER 


The National NTS5-1 (figure A-l) is an accessory 
loudspeaker assembly, Style, finish and electrical prop- 
erties of the NTS-1 make ita perfect match for your 
Nei, 


Figure Ae. XCU-TO9 Crystal Collbroter 


A2 XOCU-100 CRYSTAL CALIBRATOR 

The National KCU-109 (figure A-2) is a crystal 
calibrator unit specifically designed for use with the 
NC1i09 receiver, An electron-coupled crystal oscillator 
is used te provide marker frequencies af one megacycle 
intervals, The oscillator is activated by the toggle 
awitth Jocated on the top af the ACU- 10g, 


Ad NPFM-8)-40 ADAPTOR 


Your NC106 is adaptable for narrow band FM opera- 
tion when used with the NFM-83-$0 adaptor. (figure 
AS) Operating instructions given in paragraph 3.2 of 


this manual are applicable to NEM operation excepe 
that the AM position of the MODE switch is recom- 
mended when ates L ey for FM signals. 


An FM signal is recognized by the presence of an 
audio null in the center of its carrer, Qaice an FM 
signal is located, set the MODE switch to its ACC 
position and tune for maximum response. 


NOTE 


The pass band of the NFM-83-30 is sufficiently wide 
to accommodate ang narrow band FM signal if the 
transmitter is held within recommended deviation 
limits, If excessive peak deviation ocowrs at the trams 
mutter, distortion will result in the receiver when the 
adaptor is in use even though the signal appears un- 
distorted whe using AM slope detection. 


Figure AJ. MFM-03-50 Adaptor 
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BY .01 CISC CERAMIC CAPACITOR 


MCU-109 Cryste! Collbroter Schemetic Diagram 
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